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METHOD OF MANUFACTURING GLASS PANEL 



(57) In order to provide a method of manufacturing 
a glass panel which, in time of a baking process, re- 
strains an internal stress generated in both of glass 
plates (1, 2) to prevent a decline in strength, and re- 
strains inorganic and organic substances remaining 
within a void (V) defined between the glass plates (1 , 2) 
to prevent deterioration in quality, 
a method of manufacturing a glass panel comprises the 
steps of executing a joining process for joining the pair 
of glass plates (1, 2) opposed to each other across the 



void (V) at peripheries thereof by using a low melting 
point glass (4) in a melted condition, executing a baking 
process for suctioning gas from said void (V) through a 
suction portion disposed in said glass plates while heat- 
ing said void (V) defined between the glass plates (1 , 
2), and sealing said suction portion to seal said void (V), 
wherein the gas is suctioned from said void (V) with said 
low melting poi nt glass (4) being in a softened condition 
in which a coefficient of viscosity thereof is 10 10 Pascal 
seconds (Pa-s) or less when said baking process is ex- 
ecuted. 
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Description 

TECHNICAL FIELD 

[0001] The present Invention relates to a method of 
manufacturing a glass panel comprising the steps of ex- 
ecuting a joining process for joining a pair of glass plates 
opposed to each other across a void at peripheries 
thereof by using a low melting point glass in a melted 
condition, executing a baking process for drawing and 
removing the gas from the void through a suction portion 
disposed in the glass plates while heating the void de- 
fined between the glass plates, and then sealing the 
suction portion to seal the void. 

BACKGROUND ART 

[0002] Conventionally, in manufacture of such glass 
panel, paste-like low melting point glass is applied to 
peripheries of both of the glass plates and heated to 
480°C or more as shown in Fig. 6 to melt the low melting 
point glass. Thereafter, the glass is cooled to room tem- 
perature and solidified to execute the joining process for 
sealing and joining the glass plates at the peripheries 
thereof. 

[0003] Then, the void defined between the glass 
plates and the low melting point glass which have been 
cooled to room temperature are heated again to about 
200° C for drawing and removing the gas from the void 
to execute the baking process. 

[0004] Since the baking process has conventionally 
been executed at the temperature around 200°C, there 
have been disadvantages as follows. 
[0005] As illustrated in Fig. 7, atmospheric pressure 
acts on surfaces of the glass plates 1 A and 2A when the 
gas is drawn and removed from the void defined be- 
tween the glass plates. The low melting point glass 4A 
is in a generally hardened condition at the temperature 
around 200°C as in the conventional method, specifi- 
cally the temperature around 200°C established by re- 
heating the glass after the glass is once cooled to room 
temperature. As a result, the glass plates 1 A and 2A un- 
dergo an internal stress as shown in arrows (solid lines) 
to bulge and bend toward the void V, which decreases 
the strength of the glass plates 1 A and 2A. In an extreme 
case, the glass plates 1 A and 2A bear the internal stress 
at end portions thereof as shown in arrows (broken 
lines) to bend outwardly, which leads to a drawback that 
the glass plates 1 A and 2A easily break around the end 
portions thereof. 

[0006] The glass plates 1A and 2A are heated to 
480°C or more when the joining process is executed for 
joining the glass plates. Thus, inorganic substances in- 
cluding Na are generated from the glass plates 1 A and 
2A. Also, organic substances are generated from a bind- 
er mixed into the low melting point glass 4A. These in- 
organic and organic substances adhere to inner surfac- 
es of the glass plates 1 A and 2A. These substances are 



not completely drawn and removed from the void by the 
baking process executed at the temperature around 
200°C, and remain adhering to the inner surfaces of the 
glass plates 1A and 2A. As a result, the quality of the 

5 glass panel could be lowered. 

[0007] Specifically, when the glass plates 1 A and 2A 
comprise special glass with a special coating having a 
heat-absorbing or ultraviolet-absorbing function applied 
to the inner surfaces thereof, the inorganic or organic 

10 substances may remain in and adhere to flaws in the 
coating on the inner surfaces thereof. As a result, the 
flaws of the coating become noticeable to cause a sig- 
nificant quality deterioration. 

[0008] The present invention has been made having 
is regard to the conventional problems as described 
above, and its object is to minimize an internal stress 
generated in the glass plates, when a baking process is 
executed, to prevent a decline in strength. Another ob- 
ject of the invention is to provide a method of manufac- 
20 turing a glass panel capable of restraining inorganic and 
organic substances from remaining in a void defined be- 
tween the glass plates to the utmost to prevent deterio- 
ration in quality. 

25 DISCLOSURE OF THE INVENTION 

[0009] The characteristic features of a method of 
manufacturing a glass panel according to the present 
invention are as follows. 

30 [0010] The invention according to claim 1 , as illustrat- 
ed in Fig. 3, provides a method of manufacturing a glass 
panel comprising the steps of executing a joining proc- 
ess for joining a pair of glass plates opposed to each 
other across a void at peripheries thereof by using a low 

35 melting point glass in a melted condition, executing a 
baking process for suctioning gas from said void through 
a suction portion disposed in said glass plates while 
heating said void defined between the glass plates, and 
sealing said suction portion to seal said void, character- 

40 ized in that the gas is suctioned from said void with said 
low melting point glass being in a softened condition in 
which a coefficient of viscosity thereof is 10 10 Pascal 
seconds (Pa-s) or less when said baking process is ex- 
ecuted. 

45 [001 1 ] With the characteristic feature of the invention 
according to claim 1, since the gas is drawn and re- 
moved from the void with the low melting point glass for 
joining the glass plates at the peripheries thereof being 
in the softened condition in which the coefficient of vis- 

50 cosity thereof is 10 10 Pascal seconds (Pa-s) or less 
when the baking process is executed for drawing and 
removing the gas from the void while heating the void 
between the glass plates, the low melting point glass in 
the softened condition can be deformed even if atmos- 

55 pheric pressure acts on surfaces of the glass plates as 
a result of the gas suction. This restrains an internal 
stress from being generated in the glass plates and fur- 
ther restrains the glass plates from bending outwardly 
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at end portions thereof, thereby to prevent a decline in 
strength of the glass plates. 

[0012] Further, the baking process is executed with 
the low melting point glass being in the softened condi- 
tion in which the coefficient of viscosity thereof is 10 10 
Pascal seconds (Pa-s) or less, i.e. the temperature of 
the void between the glass plates being around 350°C. 
Thus, the inorganic substances including Na or organic 
substances generated in time of executing the joining 
process and remaining in the void, especially.adsorbed 
to and remaining in the surfaces of the glass plates fac- 
ing the void are almost entirely vaporized. Therefore, the 
inorganic and organic substances remaining on the sur- 
faces of the glass plates can be reliably drawn and re- 
moved through the baking process. 
[0013] This can prevent deterioration in quality of the 
glass panel, and even it the glass plates comprise spe- 
cial glass with a coating applied to inner surfaces thereof 
having a heat-absorbing or ullraviolel-absorbing func- 
tion, deterioration in quality can be effectively prevented 
by restraining the inorganic and organic substances 
from adhering to flaws of the inner coating. 
[0014] The invention according to claim 2, as illustrat- 
ed in Figs. 3 and 5, is characterized in that said baking 
process is executed after said joining process is execut- 
ed and before the coefficient of viscosity of the low melt- 
ing point glass which has been in the melted condition 
in the joining process exceeds 10 10 Pascal seconds 
(Pa-s). 

[001 5] With the characteristic feature of the invention 
according to claim 2, the baking process is executed af- 
ter the joining process is completed and before the co- 
efficient of viscosity of the low melting point glass which 
has been in the melted condition in the joining process 
exceeds 1 0 10 Pascal seconds (Pa-s). Thus, a manufac- 
turing process from the joining process to the baking 
process, more specifically heating of the void between 
the glass plates and the low melting point glass, can be 
effectively and efficiently carried out compared with the 
case where the glass is once cooled to room tempera- 
ture after the joining process is completed and then 
heated again. Also, there is no need. to repeat heating 
and cooling, which restrains more reliably an internal 
stress from being generated in the glass plates. 
[001 6] The invention according to claim 3, as illustrat- 
ed in Figs. 1 to 4, is characterized in that said suction 
portion is a suction bore provided in one glass plate of 
said glass plates. 

[001 7] The suction portion for decompressing the void 
may be provided at peripheries of the glass panel where 
the glass plates are opposed to each other, for example. 
However, the glass panel includes the joint portions at 
the peripheries thereof to join the glass plates by the low 
melting point glass as noted above. It is required to en- 
sure the sealing efficiency of the joint portions in order 
to maintain the decompressed condition of the glass 
panel for a long period. For this reason, it is avoided to 
form the suction portion in the joint portion in this ar- 



rangement, and instead the suction bore acting as the 
suction portion is formed in one of the glass plates, 
which ensures the decompressed condition of the glass 
panel. 

5 [0018] Also, it is conceivable that an extremely narrow 
gap is defined between the glass plates. If an attempt is 
made to form the suction bore in opposed portions of 
the glass plates in such a case, it becomes difficult to 
secure an opening area required for suction. On the oth- 
io er hand, when the suction bore is formed in one of the 
glass plates as in this arrangement, an opening area 
may be relatively freely determined, thereby to facilitate 
an. operation for forming the suction portion. 
[0019] The invention according to claim 4, as illustrat- 
15 ed in Fig. 3, is characterized in that a tubular member is 
inserted into said bore formed in said one glass plate to 
protrude outwardly of said one glass plate, and a crys- 
talline low melting point is provided around the protrud- 
ing portion of the tubular member for adhering said tu- 
20 bular- member to said glass plate to heat and jnelt said 
crystalline low melting point glass and decompress a 
portion around said crystalline low melting point glass 
and said tubular member, thereby to suction the gas 
from said void to execute the baking process. 
25 [0020] When the protruding portion is formed by using 
the tubular member as in the invention according to 
claim 4, a sealing operation of the tubular member is 
facilitated after the decompression process is complet- 
ed. For example, to heat and melt a distal end of the 
30 protruding portion of the tubular member is advanta- 
geous when various heating elements are attached. 
[0021] Also, according to the present method, it is 
possible to heat only the distal end of the protruding por- 
tion of the tubular member, thereby to restrain the heat 
35 generated with heating from being transmitted to the 
surfaces of the glass plates. Thus, when the glass plates 
are heat-tempered, the decompressing process may be 
executed without diminishing the effect of the heat-tem- 
pering process. 
40 [0022] Further, in this arrangement, since the crystal- 
line low melting point glass is used for adhering the tu- 
bular member to the glass plate, the decompressing 
process is more reliably executed. In the conventional 
art, for example, when the portion around the low melt- 
45 ing point glass is decompressed for the baking process, 
the low melting point glass is foamed to possibly hamper 
air-tightness between the tubular member and the glass 
plate or deteriorate adhesive strength. In this regard, the 
low melting point glass according to the present inven- 
so tion is the crystalline low melting point glass in which 
crystallization is promoted and completed in a high-tem- 
perature range. Thus, the low melting point glass in the 
melted condition is restrained from being foamed even 
if the portion around the low melting point glass is de- 
55 compressed forthe baking process. As a result, it is pos- 
sible to reliably and rigidly adhere the tubular member 
to one of the glass plates, thereby to attain excellent air- 
tightness. 
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[0023] The invention according to claim 5, as illustrat- 
ed in Fig. i, is characterized in that numerous spacers 
for maintaining said void between said pair of glass 
plates are arranged such that a distance between an 
outermost row of the spacers positioned closest to edg- 5 
es of the glass plates and peripheral elements including 
the low melting point glass may be smaller than a dis- 
tance between the outermost row of the spacers and an 
adjacent, second outermost and other rows of the spac- 
ers, thereby to seal said void in a decompressed condi- 10 
tion. 

[0024] With the characteristic feature of the invention 
according to claim 5, numerous spacers are provided in 
the void between the pair of glass plates, and the void 
is sealed in the decompressed condition. Thus, it is pos- is 
sible to provide a glass panel of high quality having an 
excellent thermal insulation effect due to decompres- 
sion of the void. 

[0025] Further, in arranging the numerous spacers in 
the void between the glass plates, the distance between 20 
the outermost row of the spacers positioned closest to 
the edges of the glass plates and peripheral elements 
including the low melting point glass is smaller than the 
distance between the outermost row of the spacers and 
the adjacent, second outermost and other rows of the 25 
spacers. With this arrangement, the outermost row of 
the spacers positioned closest to the edges of the glass 
plates reliably maintains the void between the glass 
plates around the peripheries thereof. Therefore, the 
glass plates are effectively restrained from deforming to 30 
bring the peripheries thereof close to each other. Thus, 
reflected images can be restrained from distorting at the 
peripheries of each glass plate, thereby to eliminate vis- 
ual awkwardness. 

[0026] The invention according to claim 6; as illustrat- 35 
ed in Figs. 1 and 3, is characterized in that said pair of 
glass plates are placed such that the peripheries of one 
glass plate of said pair of glass plates may protrude from 
the peripheries of the other glass plate, and wherein the 
paste-like low melting point glass is applied to said pro- *o 
truding portion. 

[0027] When the baking process is executed before 
the low melting point glass reaches 10 10 Pascal sec- 
onds or more, the low melting point glass which has not 
yet solidified undergoes a force to move inwardly from 45 
the peripheries by atmospheric pressure. In this state, 
if the low melting point glass is insufficient in quantity, 
the entire low melting point glass is drawn inwardly of 
the void, as a result of which the joint portions may not 
have a normal configuration or may be perforated. 50 
[0028] Thus, the paste-like low melting point glass is 
applied to the peripheries of one of the glass plates pro- 
truding from the peripheries of the other of the glass 
plates as defined in claim 6, thereby to provide a suffi- 
cient quantity of the low melting point glass and to elim- ss 
inatethe above-noted disadvantages to obtain excellent 
joint portions. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0029] 

Fig. 1 is a partly cut away perspective view of a vac- 
uum double glazing; 

Fig. 2 is a sectional view of a principal portion of the 
vacuum double glazing in a manufacturing process; 
Fig. 3 is a sectional view of the vacuum double glaz- 
ing and a suction sealing device in the manufactur- 
ing process; 

Fig. 4 is a sectional view of a principal portion of the 
vacuum double glazing; 

Fig. 5 is a graph showing a relationship between 
temperature and time in a joining process and bak- 
ing process; 

Fig. 6 is a graph showing a relationship between 
temperature and time in a conventional joining proc- 
ess and baking process; and 

Fig. 7 is an explanatory view of a principal portion 
of the conventional vacuum double glazing. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0030] A method of manufacturing a glass panel in an 
embodiment of to the present invention will be described 
hereinafter with reference to the drawings. 
[0031 ] An example of such a glass panel is a vacuum 
double glazing. As shown in Fig. 1 , the vacuum double 
glazing P comprises a pair of glass plates 1 and 2 and 
numerous spacers 3 arranged therebetween. Thus, the 
glass plates 1 and 2 are arranged opposite each other 
with a void V defined therebetween. Both of the glass 
plates 1 and 2 are joined at peripheries thereof by low 
melting point glass 4 having a lower melting point and 
lower gas permeability than the glass plates 1 and 2, 
with the void V between the glass plates 1 an 2 being 
sealed in a decompressed condition. 
[0032] A suction portion formed in either one of the 
glass plates or extending through both of the glass 
plates is used for decompressing the void V defined be- 
tween the glass plates 1 and 2. 

[0033] Transparent float glass of approximately 2.65 
to 3.2mm thick, for example, is used for the glass plates 
1 and 2. The void V defined between the glass plates 1 
and 2 is decompressed to 1.33 Pa (1.0 x lO-^orr) or 
less. 

[0034] In order to decompress the void V, as illustrat- 
ed in Fig. 4, a suction bore 5 is formed in one of the glass 
plates 1 , which bore includes a large bore 5a of approx- 
imately 3mm in diameter and a small bore 5b of approx- 
imately 2mm in diameter, for example. A glass tube 6 
acting as a tubular member is inserted into the large 
bore 5a. The glass tube 6 is rigidly bonded to the glass 
plate 1 by crystalline low melting point glass 7 having a 
lower melting point than the glass tube 6 and glass plate 
1. 

[0035] The suction portion for decompressing the void 



4 



DMcrwirv >>cd 



EP 1 403 225 At 



8 



V may be provided at a^periphery of the glass panel 
where the glass plates 1. and 2 are opposed to each oth- 
er, for example. However, the glass pane! includes joint 
portions atthe peripheries thereof to join the glass plates 
by the low melting point glass 4 as noted above. A reli- 
able sealing performance is required atthe joint portions 
in order to maintain the decompressed condition of the 
glass panel for a long period. For this reason, this em- 
bodiment avoids forming the suction portion at a : joint 
portion, and instead the suction bore 5 acting as the suc- 
tion portion is formed in one of the glass plates 1 and 2, 
which ensures the decompressed condition of the glass 
panel. 

[0036] Also, it is conceivable that an extremely narrow 
gap is defined between the glass plates. 1 and 2.. If an 
attempt is made to form.the suction bore 5 in opposed 
portions of the glass plates 1 and 2 in such a case, it 
becomes difficult to secure an opening area required for 
suction. On the other hand, when the suction bore 5 is 
formed in- one-otthe glass plates 1and.2as in.this.ar- 
rangement, an opening area may be relatively freely de- 
termined, thereby to facilitate an operation for forming 
the suction portion. 

[0037] After an operation for decompressing the void 
V is completed, the glass tube 6 is melted: and sealed 
at a distal end thereof and then entirely covered by a 
cap 8. 

[0038] > The- spacers 3 preferably have a cylindrical 
configuration. They are made of a material having a 
compressive strength of at least 4.9 x 108 Pa (5 x 10 3 
kgf/cm 2 ), e.g. stainless steel (SUS304), Inconel 718 or 
the like, to be endurable against the atmospheric pres- 
sure acting on both of the glass plates 1 and 2. 
[0039] In the case of the cylindrical configuration, the 
spacers 3 are about 0.3 to 1 .0mm in diameter and about 
0:15 to 1.0mm in height 

[0040] The intervals between the spacers 3 are set to 
about 20mm where the glass plates 1 and 2 are 3mm 
thick, for example. This value may be varied as appro- 
priate with the thickness of the glass plates. 
[0041] However, in arranging the numerous spacers 
3 as illustrated in Fig. 1 , a distance L1 between an out- 
ermost row of spacers positioned closest to the edges 
of the glass plates 1 and 2 and peripheral elements con- 
sisting of the low melting point glass 4 is set to be smaller 
than a distance L0 between the outermost row of spac- 
ers and an adjacent, second outermost and next rows 
of spacers. For example, where the distance L0 is set 
to approximately 20mm, the. distance L1 is set to 0 to 
less than 20mm, preferably about 0 to 15mm. This is 
done for the following reason. 

[0042] The low melting point glass 4 is softened in 
time of a baking process. On the other hand, the height 
of the spacers 3 disposed between the glass plates 1 
and 2 hardly changes. As a result, when the glass plates 
1 and 2 are pressed by atmospheric pressure in time of 
the baking process, the peripheries of the glass plates 
supported by the low melting point glass 4 are easily 



displaced. To diminish such displacement, portions 
around the peripheries of the glass: plates :Land_2, i.e. 
portions.protruding from positions supported by the put : 
errnost spacers 3 should be shortened. Thus, the dis- 
5 tance L1 is set smaller than the distance L0 in this ar- 
rangement. As a result, the peripheries of . both of the 
glass plates are effectively restrained from displacing as 
the baking process is executed, and reflected images 
on the peripheries of each glass plate are restrained 
10 from distorting, thereby to eliminate visual awkward- 
ness... 

[0043] .Next, a process for manufacturing the vacuum 
double glazing P will be described. It should .be noted 
that this manufacturing process is recited by way of ex- 
15 ample and parts of the manufacturing process may be 
performed in a reversed order in an actual situation. 
[0044] First, one of the glass plates 2 not having the 
suction bore 5 formed therein is supported in a substan- 
tially horizontal position. The paste-like low melting 
20 point glass 4 is applied to a top surface of the glass plate, 
atthe peripheries thereof, and the numerous spacers 3 
are arranged at predetermined intervals. Then, the other 
glass plate 1 is placed over the.spacers. 
[0045] In this arrangement, as illustrated in Figs. 1 
25 and 3, the lower glass plate 2 has a slightly larger area 
such that the peripheries of the lower glass plate may 
protrude from the peripheries of the upper glass plate 1 . 
This is convenient for application of the low melting point 
glass 4. 

30 [0046] More particularly, when the baking process is 
performed before the low melting point -glass reaches 
10 10 Pascal or more, the low melting point glass which 
has not yet been hardened undergoes a force to move 
inwardly from the peripheries by atmospheric pressure. 
35 |f the low melting point glass is insufficient in quantity at 
that time, the entire low melting point glass will be drawn 
inwardly. As a result, the joint portions may not have a 
normal configuration or may be perforated. In view of 
this, a paste-like material containing a sufficient quantity 
40 of low melting point glass 4 is applied to stepped por- 
tions formed at the peripheries of the two glass plates 1 
and 2 as noted above, thereby to avoid the above dis- 
advantages. 

[0047] Subsequently, as shown in Fig. 2, the glass 
45 tube 6 is inserted into the suction bore 5 formed in the 
upper glass plate 1 . The glass tube 6 is insertable only 
into the large bore 5a of the suction bore 5 and has a 
greater length greater than the large bore 5a. Thus, the 
glass tube 6 has an upper portion protruding upward 
50 from the glass plate 1 . Around the protruding portion of 
the glass tube 6 is applied the doughnut-like crystalline 
low melting point glass 7 for adhering the glass tube 6 
to the glass plate 1 . Further, a suction sealing device 9 
is placed from above as shown in Fig. 3. 
55 [0048] The suction sealing device 9 includes a bot- 
tomed cylindrical suction cup 10 and an electric heater 
1 1 provided within the suction cup 1 0. The device further 
includes a flexible suction pipe 12 communicating with 
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an interior space of the suction cup 10, and an O-ring 

13 for sealing the top surface of the glass plate 1 . 
[0049] Both of the glass plates 1 and 2, covered with 
the suction sealing device 9, are placed substantially 
horizontally in a heating furnace 14. The low melting 
point glass 4 is melted by baking to join the peripheries 
of the glass plates 1 and 2 to seal the void V to complete 
a joining process. 

[0050] More particularly, as shown in Fig. 5, the tem- 
perature in the heating furnace 14 is raised to 480° C or 
above to melt the low melting point glass 4. Since the 
melted low melting point glass 4 has excellent wettability 
for the glass plates 1 and 2, surfaces 4a facing the void 

V bulge into the void Vina sectional view substantially 
perpendicular to the glass plates 1 and 2. The crystalline 
low melting point glass 7 around the glass tube 6 is also 
melted along with melting of the low melting point glass 
4 to flow into a gap between the'large bore 5a and the 
glass tube 6. 

[0051] The inner temperature of the heating furnace 

1 4 is set to 350°C or above thereafter, in this state, the 
low melting point glass 4 is in a softened condition with 
a coefficient of viscosity at 10 11 poise : or 10 10 Pascal 
seconds (Pa-s) or loss. In other words, the baking proc- 
ess is executed such that : while the low melting point 
glass 4 is maintained in a condition in which the coeffi- 
cient of viscosity thereof does not exceed 10 10 Pascal 
seconds after the temperature of the low melting point 
glass 4 is lowered, the void V between the glass plates 
1 and 2 is heated, and gas is drawn and removed from 
the void V through the glass tube 6 inserted into the suc- 
tion bore 5. 

[0052] If the inner temperature of the heating furnace 
14 is lower than 350°C, the coefficient of viscosity of the 
low melting point glass 4 will exceed 10 10 Pascal sec- 
onds. In such a case, the configuration of the joint por- 
tions is quite stabilized because the problems of failing 
to obtain a normal configuration of the joint portions or 
forming through holes in the joint portions are eliminat- 
ed. However, it requires a long time to execute the bak- 
ing process, which results in a disadvantage of reducing 
productivity. Also, the effect of drawing and removing 
residues adhering to the glass surfaces facing the void 

V is decreased. Under the circumstances . it is prefera- 
ble to execute the baking process within the range of 
the coefficient of viscosity being less than 10 8 Pascal 
seconds of the low melting point glass 4. In this state, 
the temperature of the low melting point glass 4 be- 
comes generally 380°C or higher. 

[0053] With respect to the decompressing operation, 
the interior of the suction cup 10 is decompressed by 
using a rotary pump or a tu rbo molecular pump connect- 
ed to the flexible pipe 1 2 thereby to decompress the in- 
terior of the void V to 1 .33 Pa or less through the glass 
tube 6 and the small bore 5b. 

[0054] The void V defined between the glass plates 1 
and 2 has been heated to 350°C or above when the bak- 
ing process is performed. Thus, inorganic substances 
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including Na generated from the glass plates 1 and 2 in 
time of the joining process and remaining within the void 
V, and organic substances generated from the low melt- 
ing point glass 4 and remaining in the void V have been 
5 vaporized. Therefore, the inorganic substances includ- 
ing Na and the organic substances are reliably drawn 
and removed from the void V through the flexible pipe 
12. 

[0055] Since the low melting point glass 4 is in the sof- 
10 tened condition with its coefficient of viscosity at 10 10 
Pascal seconds or less, the surfaces 4a thereof facing 
to the void V bulge and bend toward the void V as a 
result of the decompression of the void V, as illustrated 
in Fig. 3. 

is [0056] At this time, the low melting point glass 7 pro- 
vided around the glass tube 6 is also in a melted condi- 
tion, but is different from the low melting point glass 4 
provided around the glass plates 1 and 2. More partic- 
ularly, the low melting point glass 7 is crystalline, in 

20 which crystallization is promoted and completed in a 
high temperature range. Therefore, the low melting 
point glass 4 provided around the glass plates 1 and 2 
is not crystallized but is in the softened condition when 
the baking process is performed, and thus is easily de- 

25 formed by decompression and suction of the void V. On 
the other hand, the low melting point glass 7 provided 
around the glass tube 6 has already been crystallized 
and thus is not foamed by decompression within the 
suction cup 1 0. Thus, the glass tube 6 is reliably sealed 

30 and bonded to the glass plate 1 by using the crystalline 
low melting point glass 7. 

[0057] Subsequently, the distal end of the glass tube 
6 is locally heated to approximately 1 000° C and melted 
by the electric heater 1 1 . As illustrated in Fig. 4, the vac- 

35 uum double glazing P is manufactured by sealing an 
opening at the distal end of the glass tube 6 and adher- 
ing the cap 8 to the glass plate 1 after a cooling opera- 
tion. In the vacuum double glazing P manufactured in 
such a manner, the surfaces 4a of the low melting point 

40 glass 4 facing the void bulge and bend toward the void 
V in the sectional view substantially perpendicular to the 
glass plates 1 and 2. 

[Other Embodiments] 

45 

[0058] 

(1) In the foregoing embodiment, the low melting 
point glass 4 is heated to 480°C or above to execute 

50 the joining process, and then the baking process is 
executed before the coefficient of viscosity of the 
low melting point glass 4 exceeds 1 0 10 Pascal sec- 
onds with a temperature fall thereof. Instead, the 
low melting point glass 4 may be cooled to room 

55 temperature once after the joining process is exe- 
cuted, and then heated again until the coefficient of 
viscosity thereof reaches 10 10 Pascal seconds or 
less to execute the baking process. 
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(2) In the foregoing embodiment, the vacuum dou- 
ble glazing P is shown as one example of glass pan- 
els. Instead, the present invention may be applied 
to manufacture of a plasma display panel or the like 
in which the void V defined between the glass plates 5 
1 and 2 is filled with gas. In such a case, the void V 
is filled with a predetermined gas after the baking 
process is executed. 

[0059] The glass plates 1 and 2 constituting the glass 10 
panel P are not limited to float glass as described in the 
foregoing embodiment, but a material may be selected 
as appropriate for various use and purposes of the glass 
panel P. For example, it is possible to use, alone or in 
combination, figured glass, obscured glass having a ^ 
light diffusing function obtained by a surface treatment, 
net glass, wire glass, tempered glass, double-reinforced 
glass, low-reflecting glass, high -penetrable sheet glass, 
ceramic print glass, or special glass having a heat-ab- 
sorbing or ultraviolet-absorbing function. 20 
[0060] Further, with regard to glass composition, soda 
silica glass, soda lime glass, boric silica glass, alumino- 
silicate glass, and various types of crystallized glass 
may be used. The thickness of the glass plates 1 and 2 
may also be selected as appropriate. 25 
[0061 ] The material for the spacers 3 is not limited to 
stainless steel or Inconel. Instead, it is possible to use 
metals including iron, copper, aluminum, tungsten, nick- 
el., chromium and titanium, alloys such as carbon steel, 
chromium steel, nickel steel, nickel-chromium steel, 30 
manganese steel, chrome-manganese steel, chrome- 
molybdenum steel, silicon steel, brass, solder and dur- 
alumin, and ceramics or glass, which are not easily de- 
formed by external forces. Each spacer is not limited to 
the cylindrical shape, but may be of various kinds of 35 
shape such as prismatic shape or spherical shape. 

INDUSTRIAL UTILITY 

[0062] The glass panel according to the present in- 40 
vention may be applied to manufacture of a plasma dis- 
play panel in which the void V defined between the glass 
plates 1 and 2 is filled with gas, besides the vacuum dou- 
ble glazing P as described in the first embodiment. 
[0063] Also, the glass panel may be used in various ^ 
fields, e.g. for windowpanes of buildings and vehicles 
(automobiles, railway carriages, andships and vessels), 
and elements of devices such as plasma displays, and 
doors and walls of various devices such as refrigerators 
and heat-retaining devices. 50 



Claims 

1 . A method of manufacturing a glass pane! compris- 55 
ing the steps of executing a joining process for join- 
ing a pair of glass plates (1 , 2) opposed to each oth- 
er across a void (V) at peripheries thereof by using 



a low melting point glass (4) in a melted condition, 
executing a baking process for suctioning gas from 
said void (V) through a suction portion disposed in 
said glass plates while heating said void (V) defined 
between the glass plates (1, 2), and sealing said 
suction portion to seal said void (V), 

wherein the gas is suctioned from said void 
(V) with said low melting point glass (4) being in a 
softened condition in which a coefficient of viscosity 
thereof is 10 10 Pascal seconds (Pa-s) or less when 
said baking process is executed. 

2. A method of manufacturing a glass panel as defined 
in claim 1 , wherein said baking process is executed 
aftersaid joining process is executed and beforethe 
coefficient of viscosity of the low melting point glass 
(4) which has been in the melted condition in the 
joining process reaches 10 10 Pascal seconds 
(Pa-s) or more. 

3. A method of manufacturing a glass panel as defined 
in claim 1 or2, wherein said suction portion is a suc- 
tion bore (5) provided in one glass plate (1) of said 
glass plates (1,2). 

4. A method of manufacturing a glass panel as defined 
in claim 3, wherein a tubular member (6)-is inserted 
into said bore (5) formed in said one glass plate (1) 
to protrude outwardly of said one glass plate (1), 
and a crystalline low melting point (7) is provided 
around the protruding portion of thetubularmember 
(6) for adhering said tubular member (6) to said 
glass plate (1) to heat and melt said crystalline low 
melting point glass (7) and decompress a portion 
around said crystalline low melting point glass (7) 
and said tubular member (6), thereby to suction the 
gas from said void (V) to execute the baking proc- 
ess. 

5. A method of manufacturing a glass panel as defined 
in claim 1 , wherein numerous spacers (3) for main- 
taining said void (V) between said pair of glass 
plates (1 , 2) are arranged such that a distance be- 
tween an outermost row of the spacers positioned 
closest to edges of the glass plates (1 , 2) and pe- 
ripheral elements including the low melting point 
glass (4) may be smaller than a distance between 
the outermost row of the spacers and an adjacent, 
second outermost and other rows of the spacers, 
thereby to seal said void (V) in a decompressed 
condition. 

6. A method of manufacturing a glass panel as defined 
in claim 1 , wherein said pair of glass plates (1 , 2) 
are placed such that the peripheries of one glass 
plate (2) of said pair of glass plates (1 , 2) may pro- 
trude from the peripheries of the other glass plate 
(1), and wherein the paste-like low melting point 
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glass (4) is applied to said protruding portion. 
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The invention relates to a double glazing unit 
and has for its principal objects the provision of 
a method of making the same in a practical way 
at relatively low cost and in such manner that 
the glass sheets are maintained in parallelism. 
Certain embodiments of the invention are illus- 
trated in the accompanying drawing, wherein: 

Figure I is a plan view of the unit. Fig. 2 is an 
enlarged section through one edge of the unit. 
And Figs. 3 and 4 are sections similar to Fig. 2 il- 
lustrating modifications. 

Referring to the drawing, 1,1 are a pair of 
glass sheets, either plate or window glass, and 2 
is a spacer, also of glass, whose thickness gov- 
erns the width of the air space 3. The sheets I , 
I are of ordinary glass composition preferably 
containing, however, a small percentage of po- 
tassium oxide in order to prevent the subsequent 
development of efflorescence on the inner surfaces 
of the sheets. The spacer 3 is of a glass composi- 
tion having a lower melting point than the glass 
sheets, such as a lead glass having a softening 
point in the neighborhood of 950 to 1000 deg. F. 
When the assembled unit is exposed to a tem- 
perature which will soften the spacer, but not 
sufficient to soften the sheets, the spacer will weld 
or fuse to the glass sheets, thus forming an 
integral unit without any sagging of the upper 
sheets I. This operation may be carried out to 
advantage in a roller leer or kiln throughj which 
the units are carried, such leer being heated to 
give a gradually increasing temperature to soften 
the spacer, after which the temperature de- 
creases until the articles emerge from the leer 
at handling temperature. To take care of pres- 
sure changes in the space 3 which would tend to 
collapse the sheets if a complete seal were made 
while the air was at a high temperature, provision 
is made for insuring communication of the air 
space with the outer air after the seal is made. 
This result may be accomplished by the provision 
of suitable perforations 4 (Fig. 1) through the 
spacers. Any tendency of the perforations to 
close when the unit is heated can be taken care 
of by inserting tubes of clay or other suitable re- 
fractory material in the perforations. After the 
operation is completed, the space 3 is filled with 
dehydrated air, and the perforations 4 are sealed. 

Fig. 3 illustrates a modification in which the 
spacer 5 is of glass having the same composition 
as the glass sheets, but having its faces coated 
with layers 6 of ceramic glaze or other glass com- 
position having a melting point well below the 
softening point of the sheets and spacer. The 
procedure followed in securing the welding ac- 
tion is as heretofore described, or the edges only 
of the unit may be brought up to the temperature 



required by the use of electric resistance ele- 
ments in parallel with and above and below such 
edges out of contact therewith which are heated 
to the necessary temperature. The production 
of the unit of Fig. 3 has the advantage that the 
spacing between the sheets is positively main- 
tained without the precision required as to tem- 
perature control which the first construction re- 
quires, since with such first construction, . care 
must be exercised to prevent the spacer from be- 
coming too hot so that it will thin and thus nar- 
row the air space. 

Fig. 4 illustrates a modification of the construc- 
tion of Fig. 3 in that a rod 7 of circular cross sec- 
tion is used as a spacer, such spacer having a 
coating 8 of vitreous material having a relatively 
low melting point. It is also feasible to use a 
spacer of this same circular cross section in the 
construction of Figs. 1 and 2. 

What I claim is: 

1. A method of making a double glazing unit, 
which consists in assembling a pair of glass sheets 
in parallel with a glass spacing strip between the 
edges thereof having its surfaces of a composi- 
tion which will soften at a temperature substan- 
tially below the softening temperature of the glass 
sheets, and heating the unit until said surfaces 
are softened and adhere to the glass" sheets, the 
degree of heat applied being less than that re- 
quired to soften the glass sheets. 

2. A method of making a double glazing unit, 
which consists in assembling a pair of glass sheets 
in parallel with a glass spacing strip between the 
edges thereof having its surfaces of a composi- 
tion which will soften at a temperature substan- 
tially below the softening temperature of the 
glass sheets, and heating the unit until said sur- 
faces are softened and adhere to the glass sheets, 
communication being maintained during the 
heating operation between the space between the 
sheets and the atmosphere, and the degree of 
heat applied being less than that required to 
soften the glass sheets! 

3. A method of making a double glazing unit 
which consists in assembling a pair of glass 
sheets in parallel with a glass spacing strip be- 
tween the edges thereof having its body portion 
of a composition which softens at about the same 
temperature as the glass sheets and its surfaces 
of a composition which will soften at a tempera- 
ture substantially lower than the softening tem- 
perature of the body portion, and heating the unit 
until said surfaces soften and adhere to the glass 
sheets, the decree of heat applied being less than 
that required to soften the glass sheets. 

R. L. CLAUSE. 
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